and glycinin (115) storage proteins when examined by differential scanning calorimetry used to monitor both denaturation temperature (Td) and enthalpy (LiH). As salt ionic strength (fL) increased, the moisture in the hydrated beans decreased. When beans were hydrated with water only, heat stability of both storage proteins increased with moisture decrease. No change in LiH was observed. Since all salt treatments showed similar decreases in moisture with increased fL no adjustment for moisture effects was needed. Except for Na2C03 all salt hydrations gave increased protein thermal stability. Ranking of salts according to ability to stabilize soy storage proteins at fL = 1.2 were:for f)-conglycinin, NaH 2 P0 4 > NaC 2 H 3 0 2 > NaCI > Na25205 > Na2503 > Na2504 > Na2C03 > CaCl 2 ;for glycinin, NaC 2 H 3 0 2 > NaH 2 P0 4 > NaCI > Na2504 > Na25205 > Na2503 > CaCl 2 > Na2C03' The LiH's of the first two salts in the 75 series and the first three in the 115 series were significantly higher than either moisture alone or all other salt treatments. When salt treatment data were evaluated on a molar concentration rather than fL, the neutral salt hydrations followed the lyotropic series for stabilization ofproteins. Responses of both f)-conglycinin and glycinin differed slightly. These differences were attributed to differences in electrostatic profile and response to water availability for these proteins.
Introduction
Heat denaturation and coagulation of soy storage proteins in aqueous dispersions in the presence and absence of salts has been extensively characterized (l-7), However, the results from these aqueous systems often fail to predict the functional behaviour of these proteins in food systems when prepared under the low to intermediate moisture processing conditions used by industry, Very little is known about the salt effects on the heat stability and denaturation of soy storage proteins, mainly l3-conglycinin (7S) and glycinin (lIS), as they exist in protein bodies before their disruption by processes such as flaking or grinding. As experimental data have been accumulated on the effects of salts on various processes, it has become clear that the relative effectiveness of these salt ions in stabilizing proteins in solution follows the Hofmeister series for neutral salts (8) , Here, the conformational stability of the protein is intimately related to its solubility where decreased conformational stability is associated with greater solubility of the protein, The Hofmeister series, as discussed by von Hippel and Wong (8) , considers the relative effectiveness of various ions in altering protein conformations. Salts have been used in thermal processing of plant materials and appear throughout the patent literature, Yet, a basic understanding of the functional changes that occur at low to intermediate moisture levels is lacking. Use of differential scanning calorimetry (DSC) to obtain thermodynamic and kinetic data for proteins in general, and * To whom correspondence should be addressed.
food proteins in particular, is still a novel and evolving process. Although the mechanism of protein stabilization is becoming better understood with simple proteins, studies on multi-subunit proteins, such as encountered in food protein systems, has been limited. Recently, Sessa (9) established the use of equations from the regression curves of the endotherms from the thermal denaturation of pure l3-conglycinin and glycinin at various stages of hydration to assess the effects of micro-environment on these same proteins as they exist in the heterogenous cracked bean and defatted soy flour systems. Sessa (l0) then found that the thermal denaturation of glycinin at various stages of hydration is considerably more complex than originally thought since this protein displays a biphasic endothermic event at moisture levels between 220 and 440 g/kg. Our current objective is to investigate how various salt solutions used to hydrate full-fat cracked soybeans affect the thermal stability of both l3-conglycinin and glycinin storage proteins in situ when examined by DSC.
Materials and Methods

Materials
Whole soybeans, Century variety, were cracked into four to six parts by passage through cracking rolls, and dehulled with a box aspirator. All the salts used were Certified AC.S. grade.
Treatments
Sessa (9) Fig. 1 Differential scanning calorimetric thermograms of purified soy storage proteins, (-), [3-conglycinin at 516 g/kg moisture: (.... ) . glycinin at 541 g/kg moisture minimum of 45 min at 65°C was necessary to hydrate the beans completely. Therefore, cracked beans were steeped at a bean to solvent ratio of 1:5 under this set of conditions (9) in both the absence (i.e. control) and presence of salt solutions containing 0.1 to 3.0 moUL salt. Duplicate analyses reported as a mean were performed for each salt environment investigated. Anions of sodium salts investigated included acetate (C 2 H 3 0 2 -), carbonate (C0 3 -2), chloride, (CI-), metabisulfite (S20S -2), monobasic phosphate (H 2 P0 4 -), sulfate (S04-4), and sulfite (S03 -2). Calcium chloride (CaCI 2 ) was also included in the series. For comparative purposes, all salt concentrations were converted to ionic strength values designated as /L, where /L = Yz 2: cIZ? In this equation C I = molar concentration and ZI = ion charge.
Analyses
Moisture content of the steeped, then drained, cracked beans was measured in duplicate by weight difference before and after drying under vacuum for 18 h at 80°C. Thermal denaturation of soy samples under various conditions of moisture and salt treatments was studied by DSC on a Perkin-Elmer DSC 7 equipped with a TAS7 software package. Hermetic aluminum pans were packed with 7 to 10 mg cracked beans that were sliced into thin segments with a razor blade and compressed with a metal spatula to limit air space prior to sealing with a crimped aluminum cover. Samples were scanned at 5.0°C/min from 50-150°C against an empty crimped aluminum pan as reference. Calibration of onset temperature and enthalpy of denaturation (Mf) for the DSC cell were determined with a weighed amount of indium at the above scan rate over the temperature range 50-200°C. Thermal denaturation of storage proteins in cracked beans gave endothermic events where temperature, designated T d , was used to signify peak maximum. The J1H was calculated by fitting a straight line from peak onset to peak conclusion and recorded as joules per gram of dry matter. Statistical analyses were investigated by analysis of variance in the General Linear Models procedure of the Statistical Analysis Systems software package (SAS/STAT Guide for Personal Computers, Version 6 ed; SAS Institute, Cary, NC. 1987 analysis of variance with salt as a main effect and the effects of (moisture)3 or In (ionic strength) regressed within each salt. The levels of salts at the average moisture or In (ionic strength) were compared by t-test comparison of Least Squares means at P < 0.05. All regressions were significant at P < 0.05 with the exception of the data from the Na2C03 salt. Therefore, this salt was not included in the analysis of variance and will be discussed separately.
Results and Discussion
Salt effects on cracked bean moisture and storage protein Td
Sessa (9) demonstrated that the values of T d increased with a decrease in moisture for cracked beans. In that manuscript the thermograms of cracked beans at 330 and 660 g/kg moisture each gave two well-defined endotherms with the lower temperature endotherm representing l3-conglycinin denaturation and the more heat-stable endotherm due to glycinin denaturation (9) . Figure 1 shows the DSC thermograms of purified soy l3-conglycinin and glycinin at intermediate moisture. Each protein gave a well-defined, single endothermic event which correponded favorably to each of the two endothermic events in moistened full-fat cracked soybeans similarly hydrated with water only (Fig. 2) . When the cracked beans were steeped in 1 moUL NaH 2 P0 4 , then drained, we observed a shift of the endotherms representing l3-conglycinin and glycinin to a higher temperature (Fig. 2) . We also observed the appearance of a minor endotherm at approximately 78°C which we attribute to Kunitz trypsin inhibitor based on the findings of Sessa (9 
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Moisture (g/kg) Fig. 3 Changes in the denaturation temperature (T d ) of l3-conglycinin in full-fat cracked soybeans with moisture when steeped in a variety of salt solutions ranging in ionic strength (J.L) from 0.1 to 9.0. CaCl 2 (-, III); Na2S20S (-----, 0): Na2S03 (--, . 6 .): Na2S0"
( --, e): NaC2~302 (--,0); NaCI (···,6): NaH 2 P0 4 (_. D). Average of duplicates. Equations defining these relationships as Fig.4 Changes in the denaturation temperature (T d ) of glycinin in full-fat cracked soybeans with moisture when steeped in a variety of salt solutions ranging in ionic strength (fL) from 0.1 to 9.0. See Fig. 3 .20) . From the equations given in these figures a series ranging from most to least effective for 13-conglycinin was: > > NaCI > > Na2S03 > Na2S04> CaCI 2 with
T d values at xf1 = 1 93. 7 .91.8,90.9,90.0,89.1, and 83.1. The underlining reflects significant differences in these values at P < 0.05. For glycinin, the ranking was: NaC 2 H 3 0 2 > NaH 2 P0 4 > NaCI > Na2S04 > Na2S20S > Na2S03 > CaCI 2 with 
Salt effects on storage protein enthalpies of denaturation (~H)
Effects of f..L on moisture and also f..L on t:Jl were each examined visually and by correlation and regression analyses (data not shown). We found no linear or non-linear patterns of association. We, therefore, assumed no relationship existed and we used the overall mean values of t:Jl in Table 1 . Hence, neither moisture nor salt f..L in the steeped Column values followed by the same letter are not significantly different (P < 0.05). Ion strength (JlI Fig. 6 Changes in the denaturation temperature (T ct ) of 13-conglycinin in full-fat cracked soybeans as a function of ionic strength (f..L) when steeped in NaC 2 H 3 0 2 , Na2S03, Na2S04' See Fig. 3 for salt symbols and Fig. 5 (9) in his earlier research with cracked soybeans. Ranking Na2S03 > NaC 2 H 3 0 2 > NaH 2 P0 4 > NaCI > Na2S04 > of salt effects on W values from highest to lowest with significant differences at P < 0.05 for 13-conglycinin were: None> CaCl 2 > Na2S205 The acidity of Na2S20S and alkalinity of Na2C03 may be enough to dissociate glycinin into its subunits through protein-solvent interactions and charge repulsions, whereas, the neutral salts stabilize the quarternary structure of these proteins by promoting protein-protein interactions.
--------------------------------
Three of the salts used in this study, namely, the sulfiting salts-Na2S03 and Na2S20S' and the alkaline agentNa2C03, all when used at high concentrations may have questionable usage by the food industry since they may impact on the physico-chemical properties of some of the soy proteins. Sessa et al. (20) demonstrated that steeping whole or cracked soybeans with Na2S20S at 65°C, the heat conditions used in our current study, for up to 3 h proved successful for inactivating >97% of the trypsin inhibitors which are antinutritional factors in soybeans. In that paper the authors demonstrated that a 30 min water soak of the beans after draining the metabisulfite steep liquor was sufficient to diminish the sulfite residues by 46% over that reported. However, some sulfite did remain bound to protein, perhaps, as the S-sulfo cysteine derivative. Since the residual amounts of sulfite exceeded 10 mg/kg, the Food and Drug Administration regulations now require a labeling statement that the processed product contains sulfite. In another study, Sessa and Nelsen (21) demonstrated that the Na2S20S steep treatment of soy Kunitz trypsin inhibitors and Bowman Birk inhibitors, the two types existing in soybeans, did not cause significant amino acid compositional changes in either protein except for an observed increase in aspartic acid and asparagine. Sessa and Lim (22) demonstrated that metabisulfite treatments of defatted soy flour and soy protein concentrates at the concentrations used in their study had no effect on lysine availability. We suspect that neither [3-conglycinin nor glycinin, with its 20 disulfides will also show any significant amino acid compositional changes with sulfiting agents. On the other hand, Na2C03 is GRAS and used as a functional alkali in food systems. However, its use at concentrations above a I-l of 1.5 did cause conformational changes in [3-conglycinin but not in glycinin. It is not known at this time whether Na2C03 at Iwt/voL 27 (1994) No.6 For glycinin the ranking was: NaCl> Na2S20S > Na2S03 > None 
Effect of salts as molar concentration on protein thermal stabilization
The lyotropic series of neutral salts is based on molarity rather than ionic strength. For Na2S04 the ionic strength would weight the sodium cation as 2. Yet, the sodium cation has little effect in stabilization of the native protein conformation. Tanford (14) reported that salt concentrations of I moUL or higher will practically eliminate the electrostatic effects (directly binding) on proteins. The lyotropic stabilizing effects of salts at I moUL or higher has been attributed to the alteration of the water in the vicinity of the protein (15). In the neutral salt environments at I moUL, T d responses of both [3-conglycinin and glycinin were the same where Na2S04 had the highest stabilizing effect followed by NaC 2 H 3 0 2 while NaCl had the least. The relative effectiveness of these neutral salts in stabilizing proteins against conformational change followed the classical Hofmeister series (8). In general, perturbants which destabilize the folded form of a macromolecule in aqueous solution also increased macromolecular solubility while agents which destabilize the folded conformation by strengthening intramolecular contacts will decrease macromolecular solubility. The ranking for all the salts as molar concentration used in our study (see Table 2 ) for [3-conglycinin was:
Na2S03 > Na2S04 > Na2S20S > NaH 2 P0 4 > NaC 2 H 3 0 2 > NaCl > CaCl 2 while that for glycinin was: Na2S04 > Na2S03 > NaH 2 P0 4 > NaC 2 H 3 0 2 > Na2S20S = NaCl > CaCl 2 high concentrations will generate lysinoalanine. Since we did not observe conformational or denaturational changes in glycinin with its 20 disulfides we have no evidence which demonstrated destruction of its sulfur amino acids. An objective of the food scientist is to control the denaturation process in order to obtain structures having the desired physical properties. The denaturation process for soy storage proteins in the heterogenous cracked bean system is extremely complex particularly at low to intermediate moistures since fats, carbohydrates, and non-protein constituents not only impact on the moisture dynamics in the whole bean but can also impact on the expected protein-solvent and protein-protein interactions upon heating. This current research demonstrates for the first time that the storage proteins as they exist in the bean in situ can be thermally stabilized by a variety of salt treatments. This finding is basic to the development of a new methodology for processing soy with desired functional properties.
